There is growing concern regarding the lack of women in senior positions in Science and Technology (ST) in United Kingdom (UK) universities. Previous research has enhanced our understanding of the challenges women in academia face to progress their careers. In contrast relatively little is known as to why so few females reach leadership positions in ST. This article reports on research to examine women's experiences regarding the perceived barriers to leadership in ST faculties in United Kingdom (UK) universities. Using in depth interviews we explore personal narratives to highlight the perceived barriers to career advancement. Findings report on the gendered nature of ST faculties and how women struggle to navigate their careers. The investigation illustrates the effect of organisational influences such as temporary work arrangements, male dominated networks, intimidation and harassment, as well as individual influences such as lack of confidence.
Introduction
We acknowledge the growing interest in leadership within academia and the call to enhance the development of future professors (Macfarlane 2010; Rayner, Fuller, McEwen and Roberts 2010) . In particular there is recognition of the gender inequality at professorial level within Universities (Macfarlane 2012) . The lack of females in senior positions within UK academia has received considerable attention in recent years Table 1 below. There are a disproportionate number of males at professorial level in UK universities and the male/female ratio widens significantly when we look at science subjects. The number of female academics in professorial roles in these areas is reported Considering the under-representation of women in science it is disappointing not 5 to see more attention given in the literature to explore the reasons for this gender imbalance (Ecklund, Lincoln and Tansey 2012) . Whilst the barriers to female leadership in academia, more widely, have been well-reported less attention has been given to women in science, engineering and technology (SET). Consequently less is known about the challenges for female academics assuming leadership roles within SET.
INSERT TABLE 1 HERE
Hence the reasons for the under-representation of women in this academic area warrant further investigation. This article aims to extend the current literature by exploring the challenges of female academics working in science and technology (ST) and provide a better understanding of why so few females reach leadership positions.
This paper is organised as follows. We begin with a review of existing literature used to explain why females are under-represented in academic institutions and examine current understanding of the challenges female academics face. We then outline the research approach and the methods used in the study. The findings and discussion of the study are presented, leading to conclusions. Lastly, limitations are noted and importantly areas for further investigation are offered.
Why are there so few women in senior positions in ST?
The challenges for women reaching leadership positions in academia are complex and well documented (Freedman 2012; Kjeldal, Rindfleish and Sheridan 2005; Knights and Richards 2003; Nazemi, Mortazavi and Borjalilou 2012; Nguyen 2012; Priola 2007; Probert 2005; Wolfinger, Mason and Goulden 2008) . Authors have identified a range of factors that act as barriers to women working in Higher Education; gendered institutional cultures (Bailyn 2003; Barnard, Powell, Baglihole and Dainty, 2009; 6 Priola 2007; Probert 2005; Rhoton, 2009) ; formal and informal gendered practices (Kjeldal, Rindfleish and Sheridan, 2005; Moss-Racusin, Dovidio, Brescoll, Graham and Handelsman 2012; van den Brink, Benschop and Jansen, 2010) ; individual factors (Powell, 2000) and caring responsibilities (Adamo 2013; Fox 2010; Fox, Fonseca and Bao 2011; Goulden, Mason and Frasch, 2011; Nazemi et al, 2012) . The challenges for women in Science and Technology disciplines seem to be especially problematic (Barnard, Powell, Baglihole and Dainty, 2009; Rhoton 2009 ).
At what stage of their career are the challenges most felt?
Problems appear to begin from the recruitment process (Grove 2013) . Authors identify a lack of gender equality in the recruitment and selection of candidates and in particular the lack of transparency and accountability in institutional processes (Settles, Cortina, Malley and Stewart 2006; van den Brink, Benschop and Jansen, 2010) . Despite efforts to embrace formal policy frameworks, informal gendered practices exist (Bailyn 2003; Kjeldal, Rindfleish and Sheridan 2005) . Studies within SET have identified women candidates are discriminated against if they are pregnant or have children (Mason 2008 ).
Other authors have identified female candidates are less likely to be hired because they are viewed by both male and female assessors as less competent than male candidates (Moss-Racusin, Dovidio, Brescoll, Graham and Handelsman 2012).These biases highlight the gendered practices that women face at the entry stage of their career into science disciplines.
The challenges women face continues throughout their career in academia.
Several authors have focussed on the impact that publication outputs have on women's 7 careers (Fox 2005 (Fox , 2010 . Leahey (2006) identified that women's productivity rates are lower than men's and argues this is a negative factor in an environment where publication outputs are a key metric for promotion. For women within SET the challenge of gaining publications and acquiring funds for research appears to be made greater by gender discrimination identified in the peer review scoring process (Wennerås and Wold, 1997) . More recent research claims that gender disparities are declining (Ceci and Williams, 2011) however, subtle gender disparities are still apparent in scholarly authorship (West, Jacquet, King, Correll, and Bergstrom, 2012) . In addition West et al (2012) identifies in some fields male authors predominate in the prestigious first author position. This is an important factor for women working in ST faculties since they are unlikely to gain promotion to senior positions within their institutions unless they are able to demonstrate their ability to obtain grants and publish research papers in peer reviewed journals.
In addition to gendered practices found to exist at the initial selection stage, women's progression of their careers to senior levels (Barnard, Powell, Bagilhole and Dainty, 2009) . As social networks are considered a form of social capital, they offer advantages to the individual as well as the organisation and therefore if women are less 8 able to access the networks they are disadvantaged (Ibarra, Kilduff and Tsai, 2005) .
The gendered nature culture and practices within academic institutions work against women gaining seniority within SET faculties. From an initial review of a candidate's Curriculum Vitae to selection interviews and promotional boards the influence of male selectors appears to disadvantage female applicants.
What influence does the male dominated culture have on women?
The lack of women in senior positions in itself acts as a barrier to more women reaching higher levels within institutions. The absence of 'top tier' women perpetuates the dominant male culture in academia and more women are needed in senior roles to encourage others to aspire to senior level positions (Fox 2005) . Women therefore find themselves working in a gendered institutional culture and with few female role models.
Perhaps this in part explains the lack of women in senior roles in ST, although a number of other significant challenges have also been identified.
Many authors highlight the gendered culture within institutions as a key barrier for women progressing their careers (Fisher 2007; Fotaki 2013; Knights and Richards 2003; Maranto and Griffin 2011; Rhoton 2009 ). Part of this incorporates women report feeling marginalised, leading them to be disadvantaged compared to their male counterparts (White 2003) . Further exploration into why women feel disadvantaged during their career requires further development as this is currently lacking in the literature.
In some cases the male dominated culture within ST has led to a darker side, 9 with women experiencing sexual harassment in the workplace. Studies have identified women are exposed to sexism and harassment from male counterparts and senior colleagues within SET environments (De Welde and Laursen, 2011; Rosser and Lane, 2002; Settles, Cortina, Malley and Stewart 2006) . Such experiences may account for why some women leave ST altogether.
Is it down to the individual?
Similar to the challenges faced by women in other professions, 'person-centered' factors relating to women's individual personality traits have been identified as a career barrier for women (Powell 2000) . To have successful careers in such male dominated cultures as SET, the need for women to have academic and relational self-efficacy beliefs is greater than in other disciplines (Zeldin and Pajares 2000) . Self-efficacy beliefs enable individuals to overcome hardships and be persistent under adverse conditions (Zeldin and Pajares 2000) . Such beliefs are seen to give women the perseverance and resilience needed to overcome the career obstacles in male dominated work environments (Zeldin and Pajares 2000) . The source of self-efficacy beliefs are derived from women's relationships that enable them to develop their confidence (Zeldin, Britner and Pajares 2008) .
Other authors have drawn on Imposter Phenomenon (IP) to help explain the internal struggle women in academia face (Imes and Clance 1984; Taylor 2009; Jöstl, Bergsmann, Lüftenegger, Schober, and Spiel, 2012) .
Although not seen as unique to women (Topping and Kimmel 1985) IP refers to the internal experience, where the individual believes they are not really bright, despite being high achievers and of high intellect. Often identified in women who have gained high levels of academic achievement, women do not experience the internal feeling of success and hence see themselves as 'imposters' (Clance and Imes 1978) . The inability to internalise their accomplishments means many see their achievements as a result of luck, working harder or manipulation (Langford and Clance 1993) . Individuals with IP beliefs often experience a fear of failure and many will go to great lengths to avoid mistakes or failures (Clance and O'Toole 1987) . The fear of failing to achieve promotion to Reader or Professor may in part explain why fewer women apply for senior positions in ST. Doubting their ability to gain promotion is a reason in its own right to create a barrier to career advancement.
Does having a baby affect the career progression of women in ST?
Similar to women in other professions, those working in academia struggle to balance their careers with caring and family responsibilities (Fox 2010; Nazemi et al 2012; Probert 2005) . While women in ST face the same challenge balancing childcare and family responsibilities with work as those in other disciplines, some authors argue that it is the interaction of this factor with other challenges such as the high levels of competitiveness that makes this challenge more complex (Adamo 2013) . Balancing a scientific career and a family is particularly demanding for women in faculty positions and research roles who have additional pressures of securing grants and funding for their research projects (Goulden, Mason and Frasch 2011) . This is especially challenging in institutions lacking family-friendly policies or where policies are undermined by gendered practices (Barnard, Powell, Bagilhole and Dainty, 2009; Mason, 2008) .
From an early career stage, having a baby presents a range of work-life balance challenges for women in SET disciplines (Darisa, Davidson, Korabik and Desmarais 2010; Pell 1996) . Work patterns in SET often differ from other disciplines because of the requirement to monitor experiments over the weekend and allocated lab times. This increases the challenge of balancing caring responsibilities with erratic working hours.
One area having a baby is seen to influence most for women is the opportunity to gain tenure (De Welde and Laursen 2011; Rosser and Lane 2002) . This is seen to be especially problematic because without tenure women are more likely to rely on parttime contracts of employment impacting upon their ability to gain grants and deliver publication outputs, lessening their chances of entering senior positions.
Starting a family is usually accompanied by taking a career break and this can present career challenges for women in any profession, it is especially challenging for women in SET (Ledin, Bornmann, Gannon and Wallon 2007; Goulden, Mason and Frasch 2011) . Career breaks reduce networking opportunities, which are particularly important for women in these disciplines (Ibarra 1995) .
Balancing dual responsibilities may account for why women in science disciplines are found to have significantly higher interference of both family on work and work on family than male counterparts (Fox, Fonseca and Bao 2011) . This leads to the argument, childbirth and marriage are the two largest challenges women face in their careers, resulting in many leaving science altogether (Goulden, Mason and Frasch 2011) .
Methods
We adopted an interpretative phenomenological approach utilising a qualitative methodology to explore the personal narratives of women working in science and technology (ST). Such a narrative approach allows us to examine the way that women construct meaning in their work life (Willig 2008) and elicit accounts of their experience in academia.
We chose to interview the participants using semi-structured interviews.
Schostak (2006) refers to interviews as something that individuals feel comfortable with, as we are used to interviews in our daily lives, such as television interviews, recruitment etc. The advantage of semi-structured interviews is that they help facilitate rapport and empathy to gain rich and interesting data (Smith, Flowers and Larkin, 2009 ). We used an interview schedule to ask what challenges the participants had faced in their career to date. We adopted Spradley's (1979) The study draws on 20 in-depth interviews with women working in Science, and
Technology faculties in three UK universities. The participants ranged in age from 24 to 58. In order to protect the participant's anonymity we have intentionally not provided a breakdown of the women's age, job title and location. However the sample includes 10 female academics in science and 10 from technology faculties.
Although the sample size is relatively small and does not allow for the findings to be generalised, the data does provide rich insights into the feelings of women working in academic roles within ST. The participants were identified using a snowball Verbatim transcribes of the interviews were then analysed by the researchers independently in the first instance to highlight the major themes (Gbrich 2007). In order to ensure reliability, all of the data was double coded. Both researchers undertook a review of the themes to ensure agreement was reached.
Findings and discussion

General findings
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The interviewees all discussed the lack of women in senior posts across UK universities and reported the absence of female professors in their own discipline. Many of the participants expressed their concern with the lack of senior female academics in their own institution.
"We don't have women leaders...the underlying culture within the organisation and certainly the ones I know [other women] are not empowered in this organisation to challenge or reach their maximum potential at all. We haven't done anything positively, proactively, to engage or promote women to achieve their best". ST07
Without inspiring women leaders in their own university they felt scant support would be available for their own development to seniority. This confirms previous research highlighting the negative influence caused by the absence of top tier women (Fox 2005 ). The cycle of senior male leadership suggests that the institutional gendered culture perpetuates reinforcing previous studies (Bailyn 2003; Barnard, Powell, Baglihole and Dainty, 2009; Priola 2007; Probert 2005; Rhoton 2009 ).
At what stage of their career are the challenges most felt?
From recruitment and selection direct and indirect discrimination was perceived by the respondents. Despite the organisation having policies in place to mitigate gendered practices the respondents reported blatant gender discrimination. Previous research highlights discrimination related to pregnancy and children (Mason 2008) . We found gendered practices during the recruitment and selection stage supporting previous research. This finding draws upon the gendered culture within academic organisations (Fisher 2007; Fotaki 2013; Knights and Richards 2002; Maranto and Griffin 2011) .
"I think when [female colleague] interviewed for her job she had to give a presentation to the department and I remember after she left and everyone was asked to discuss. And she was the best candidate by miles but I remember one guy saying 'Erm yes she's a really, really good candidate but she's a woman, what if she has any problem with the children and she has to leave halfway through the day' and at that point we didn't even know if she had children" (ST11)
Other forms of indirect discrimination were found. The interviewees argued their successes were left uncelebrated compared to their male colleagues. The lack of recognition impacted upon the respondents' belief that there was differential treatment between men and women. This finding extends current understanding of why women feel marginalised through the identification of the important role recognition plays in career advancement.
"Well there's one or two big hitters that have got big research council grants last year and this year…so for example when, and they're both male colleagues, and when they Importantly the women discussed the lack of career guidance and support provided by their university. Many seemed unclear regarding the expectations of their institution to gain promotion. Furthermore interviewees reported they felt ill informed regarding the promotion process as well as discouraged from attempting to align their career 16 trajectory to the next level of seniority. We also found a lack of understanding regarding the support mechanisms external to the institution such as Athena SWAN initiatives.
What the present research has added is to provide empirical evidence of the importance of career guidance and continued professional development.
Another area exposed is the influence of short term contracts. To date the literature has explored the importance of tenure and how this impacts upon their career choices (De Welde and Laursen 2011; Rosser and Lane 2002) . This finding concurs with previous literature however; we extend the notion towards differential treatment of temporary versus full time staff. There was a feeling that opportunities for personal development were limited, the priority is to fulfil a grant leaving limited time to explore career options. In addition the respondents felt pressured into undertaking additional responsibility without direct benefit to their progression within the university. Since the perception is that many temporary roles are held by women there is an inherent disadvantage for women's career advancement in ST.
"If you look at the short term contracts many of them are female in those roles and that is a difficulty, it's not unique to us, but we don't have a good strategy of trying to deal with it, so we just deal with the short term contract staff and just put them at risk near the end of the contract". (ST07) "I was always told you never say no [to additional responsibilities] if you don't have a permanent contract…open days fall to female staff". (ST05) A core finding is the short term nature of employment within ST led to job insecurity. This is problematic from both the individual and organisations perspective as neither is able to plan for a long term career. This in part may explain why ST disciplines experience more problems with attracting and crucially retaining women.
"Longer term contracts would be helpful, contracts here are for 3 years and then I got extended a year at a time, there's always that sense of insecurity of not knowing where you will be in 12 months onwards. It's always there in the back of your mind". (ST15) In order to understand the scale of the disparity between men and women's contracts within ST there is a need for universities to conduct an audit of the gender breakdown for temporary contracts. The study furthers the call to research the link between tenure and women's career progression in academia.
What influence does the male dominated culture have on women?
A recurrent theme in the interview data was the gendered practices within their university. There was evidence that male networks dominated daily working practices.
As a consequence women reported feeling excluded. In line with the literature, we identified the existence of a 'boys club' within ST disciplines (Barnard, Powell, Bagilhole and Dainty 2009). The impact of exclusion was perceived to influence career enhancing opportunities such as inclusion on research projects, publications and other research outputs.
"You still have the [senior male colleague] excluding everybody apart from the male colleagues that he wants around him...I think that other men are being included in the research, the women are being excluded" (ST06)
"I was in a completely female group there but the department in general was male and, again, we'd miss out on us knowing a lot of things that were going on because the conversations would happen over coffee or a beer at the pub on a Friday night." (ST09)
The interviewees highlighted incidents of bullying behaviour by some male colleagues, providing examples of situations they had experienced. Such harassment has been The excerpts provide palpable evidence of harassment towards female members of faculty. It appears that existing policies to preclude bullying activities fail to address such activities. This leads to the belief that the gendered culture within ST impacts upon the ability of women to remain within the institution and rise to senior positions. In such circumstance the main priority for women was survival of daily work related activities.
Is it down to the individual?
Undoubtedly the issues already highlighted from the data such as the lack of female role models, temporary contracts, male networks and bullying impact upon the experience of women in the workplace. Overwhelmingly the interviewees revealed a sense of lost confidence.
"My lack of confidence is my biggest challenge.... I don't want to come off as 'stupid' (ST02).
Individual feelings of low confidence appeared to impact upon career advancement.
Participants noted that they had precluded themselves from applying for promotion. The women recounted their fear of failing often believing this was due to their lack of confidence, hence their career progression was stifled.
"I think I haven't had the confidence in the past, I just don't want to apply and fail, and I think even now, talking about it, I'm sure I will fail". (ST14) This perception of inability led some participants to explain that they were not really good enough to be employed in their faculty. Despite being high achievers academically, a frequent finding was that women found themselves doubting their own ability and success within the faculty environment. The sense of not belonging and an inability to internalise their achievements shows some alignment with individuals with IP beliefs (Clance and O'Toole 1987; Jöstl, Bergsmann, Lüftenegger, Schober and Spiel 2012) . This finding reveals a less explored route to explain the challenges women face in their careers within ST.
Does having a baby affect the career progression of women in ST?
The data highlights the spillover of work and non-work related factors. The challenges of career breaks, day to day work hours and job security impact not only work but home life. Undertaking a career break was seen to have a significant effect upon career advancement. In particular participants discuss the impact on their publication record.
"I find it very frustrating that you're just told that, your publication records inadequate, you're not going to get anywhere … it's where it is due to my career break as a consequence of having children…then it's absolutely ruthless, in terms of trying to get grants through and I think have I got the energy to fight this through. It also has to work doubly hard when you do get back to try and get your publication record back up. 'is it worth all this?". (ST13)
21
The impact of publication outputs on women's careers have been explored in previous studies (Fox 2005 (Fox , 2010 Leahey 2006 ) and the current study supports the notion that gaining publication outputs is especially challenging for women. Given the importance of publications for career progression the impact of having children on publication output warrants further attention.
Certainly one key challenge to women with children is the anticipated working hours. The results note the challenges of informal working hours that become custom and practice such as breakfast meetings. This precludes some women from participating in decisions made within the organisation. Importantly this can have a direct impact upon their ability to positively contribute towards the organisation.
"we've got a Vice Chancellor who says, you know, that you have to be available to teach from 8 'til 6, he'd like it 8 'til 8…So, you know, we have these great policies, and then the actual reality is just, you know, so much harder" ST10 "I did put up with 8 o'clock meetings and juggled with child care to get there…the organisation is not sympathetic"ST007
This finding does have some alignment with previous research that shows family friendly policies are undermined by gendered work practices (Barnard, Powell, Bagilhole and Dainty 2009; Mason 2008 ).
Another factor we found influenced the participants careers was their partner. In particular the location of work had to provide the opportunity for dual careers. Whilst this finding is not unique to women, the consideration of location influences career choices and was found to limit opportunities.
Conclusions
This article set out to extend understanding of the barriers that challenge women to reach senior positions within ST. Previous sources have cited the lack of women at professorial level in higher education (UCU 2013) additionally, the number of women in senior roles within science and technology are proportionally fewer (Athena SWAN 2011). This paper explores some of reasons behind the prevailing inequity.
This research contributes to the existing literature on women in academia from a focus on ST. We extend understanding of the challenges women face to reach senior academic positions in ST. The present study has added empirical evidence of how women feel working in an ST academic environment.
A core finding of this research is at each stage of their career, from recruitment and selection to retirement, women struggle to navigate their careers in a gendered environment. In particular the results illustrate the effect of short term contracts upon job security.
The male dominated culture influences daily working practices and the evidence suggests that exclusion from networks limits opportunities for career advancement.
Moreover we found the male dominated culture led women to feel intimidated and 23 consider leaving the organisation.
Undoubtedly individual perceptions of ability challenge many women. The data highlights many women lack confidence in their ability within ST. This lack of selfbelief acts as a barrier to advance their career advancement.
Unsurprisingly, having a baby influences career progression. Our results highlight the issue of informal working hours that become custom and practice. There is therefore a need to consider the nature of spill over of work and non-work related factors. These practices often preclude women from participating in organisational decision making. This is an important finding as this has an impact upon their ability to positively contribute towards the organisation.
The overarching theme from the study was the lack of career guidance and support from the institution. In order to navigate their careers to senior positions women were unclear regarding the expectations to gain promotion. With formal and informal networks dominated by men in ST there seemed to be a genuine reluctance to seek promotion advice. Equally some women were uninformed about the external networks available to support career advancement. This information can be used to develop targeted interventions aimed at ST faculties.
Limitations and future research
The results of the study need to be considered within the context of possible limitations.
Women in science and technology faculties provide an interesting sample due to the 24 acknowledged male dominance that exists. The selection of women in ST and the relatively small sample size precludes generalisability of the findings. We suggest future research incorporates a larger scale sample to quantify the findings of the current study. In addition, further investigation is required to explore the impact of individual factors on career advancement for women in ST. A study of the influence of IP may prove a fruitful avenue of research.
